Raman spectroscopy has previously been demonstrated to be a highly useful methodology for the identification and/or typing of micro-organisms. In this study, we set out to evaluate whether this technology could also be applied as a tool to discriminate between isolates of Mycoplasma pneumoniae, which is generally considered to be a genetically highly uniform species. In this evaluation, a total of 104 strains of M. pneumoniae were analysed, including two reference strains (strains M129 and FH), and 102 clinical isolates, which were isolated between 1973 and 2005 and originated from various countries. By Raman spectral analysis (Raman typing) of this strain collection, we were able to reproducibly distinguish six different clusters of strains. An unequivocal correlation between Raman typing and P1 genotyping, which is based on sequence differences in the P1 (or MPN141) gene of M. pneumoniae, was not observed. In the two major Raman clusters that we identified (clusters 3 and 6, which together harboured 81 % of the strains), the different P1 subtypes were similarly distributed, and~76 % isolates were of subtype 1,~20 % of subtype 2 and~5 % of variant 2a. Nevertheless, a relatively high prevalence of P1 subtype 2 strains was found in clusters 2 and 5 (100 %), as well as in cluster 1 (75 %) and cluster 4 (71 %); these clusters, however, harboured a small number of strains. Only two of the strains (2 %) could not be typed correctly. Interestingly, analysis of the Raman spectra revealed the presence of carotenoids in M. pneumoniae. This finding is in line with the identification of M. pneumoniae genes that have similarity with genes involved in a biochemical pathway leading to carotenoid synthesis, i.e. the 2-C-methyl-D-erythritol 4-phosphate (MEP) pathway. Therefore, we hypothesize that M. pneumoniae hosts an MEP-like pathway for carotenoid synthesis. We conclude that Raman spectroscopy is a convenient tool for discriminating between M. pneumoniae strains, and that it presents a promising supplement to the current methods for typing of this bacterium.
INTRODUCTION
One of the most important causes of respiratory tract infections, including pneumonia, is Mycoplasma pneumoniae. This cell wall-less bacterium is a human pathogen that causes up to 20 % of all cases of community-acquired pneumonia (CAP) (for a review, see Waites & Talkington, 2004) . In children, the contribution of M. pneumoniae to CAP may even be higher, reaching levels of more than 50 % among children aged 5 years or older, making M.
Abbreviations: EMSC-SIS, extended multiplicative scatter correction with spectral interferent subtraction; EROS, error removal by orthogonal subtraction; HCA, hierarchical cluster analysis; MDS, 2-C-methyl-Derythritol 2,4-cyclodiphosphate synthase; MEP, 2-C-methyl-D-erythritol 4-phosphate.
pneumoniae the most common aetiological agent of CAP in this age group (Korppi et al., 2004) . Besides its manifestations within the respiratory tract, M. pneumoniae may also play a role in a wide range of extrapulmonary infections, autoimmune disorders and chronic diseases, such as asthma and arthritis (Atkinson et al., 2008) . Consequently, this bacterium is a considerable burden to society, both in economically advanced and in developing countries.
M. pneumoniae is classified as a member of the class Mollicutes and represents one of the smallest self-replicating species with respect to genome size as well as cellular dimensions (Wilson & Collier, 1976) . The limited size of the genomes of Mycoplasma species is generally thought to be the result of a gradual loss of genome content from a common Gram-positive ancestor (Maniloff, 1992) . Currently, M. pneumoniae strains are divided into two main groups (subtypes 1 and 2) and some minor variants of these (Dorigo-Zetsma et al., 2001; Dumke et al., 2004 Dumke et al., , 2006 Kenri et al., 1999; Pereyre et al., 2007) . The first studies that described the molecular discrimination of M. pneumoniae isolates in these two subtypes were those of Dallo et al. (1990) and Su et al. (1990b) , who showed that the gene encoding the major adhesin of M. pneumoniae, the 170 kDa P1 protein, can exist in two different forms. These forms show variations in two regions within the P1 (or MPN141) gene (Su et al., 1990a) . Interestingly, both regions are located in multiple-copy parts of the P1 gene (Himmelreich et al., 1996; Ruland et al., 1990; Su et al., 1988) . The region (or repetitive element) near the 59 end of the P1 gene is termed RepMP4, whereas the region near the 39 terminus is termed RepMP2/3 (Ruland et al., 1990) . Throughout the genome of M. pneumoniae strain M129, a total of eight variants of RepMP4 and 10 variants of RepMP2/3 have been identified (Himmelreich et al., 1996; Ruland et al., 1990) .
As the P1 protein is a major antigenic factor of M. pneumoniae (Razin & Jacobs, 1992) , the typing of strains on the basis of P1 sequence has an obvious epidemiological value. However, it is clear that P1 typing has its limitations in that it only addresses the sequence status of a single bacterial protein, which may not always reflect the overall biochemical content and characteristics of the bacterium. Moreover, as discussed previously (Cousin-Allery et al., 2000; Dumke et al., 2004) , P1 typing has thus far not been informative regarding differences among M. pneumoniae isolates in important clinical features of the bacterium, such as colonization of the human respiratory tract, antibiotic resistance, and severity of disease caused. In an effort to develop a typing technique that addresses these issues, we set out to test Raman spectroscopy, a vibrational spectroscopic methodology, as a tool for typing M. pneumoniae strains. Raman spectroscopy is a nondestructive optical technique that can be applied to analyse the (bio)chemical composition of a wide variety of biological samples, including microbiological ones (Buijtels et al., 2008; Choo-Smith et al., 2001; Hutsebaut et al., 2004; Ibelings et al., 2005; Kirschner et al., 2001; Maquelin et al., 2000 Maquelin et al., , 2002a Maquelin et al., , b, 2003 Schuster et al., 2000) . By using this methodology, spectroscopic fingerprints of biological samples can be obtained in as short a time as a few seconds. These fingerprints represent the total molecular composition of a sample and are therefore ideally suited for the identification of micro-organisms, both at the species level and at the strain level. In the study presented here, we show that Raman spectroscopy is a useful and convenient tool for discriminating M. pneumoniae strains. In addition, we demonstrate that M. pneumoniae contains carotenoids and may harbour a 2-C-methyl-D-erythritol 4-phosphate (MEP)-like pathway for carotenoid synthesis.
METHODS
M. pneumoniae strains and cultures. Two reference strains of M. pneumoniae were used, the M129 strain (ATCC 29342), representative of P1 subtype 1 strains, and the FH strain (ATCC 15531), representative of P1 subtype 2 strains. The 102 other, clinical isolates included 77 isolates from Dresden, Germany, 14 isolates from Bethesda, USA (provided by Dr J. G. Tully, as described previously; Dumke et al., 2003) , 10 isolates from Bordeaux, France (provided by Dr C. Bebear, as described previously; Dumke et al., 2003) , and one isolate from Denmark (Mp4817; provided by Dr S. A. Zaat, University of Amsterdam) (Dorigo-Zetsma et al., 2000) . All strains are listed in Table 1 . The P1 genotype of the strains was determined as described previously (Dumke et al., 2006) .
The strains were cultured in Mycoplasma medium containing 1.4 % Difco PPLO broth (Becton Dickinson), 0.15 % Difco TC Yeastolate, Peptone UF (Becton Dickinson), 1.4 % glucose, 20 % horse serum, 1000 U penicillin G ml
21
, 500 U polymyxin B ml 21 and 0.02 mg phenol red ml 21 , similarly to the method described previously (Sluijter et al., 2008) . The pH of the medium was adjusted to 7.8-8.0 using a solution of 2 M NaOH, followed by filter-sterilization. Strains were grown in 15 ml medium at 37 uC/5 % CO 2 in 25 cm 2 tissueculture flasks (Greiner). Standardization of culture was accomplished by monitoring the colour change of the medium (from red to yellow) at regular intervals using a Lambda 5 UV/vis spectrophotometer (Perkin Elmer). The culture flasks were used directly as cuvettes in the spectrophotometer. For each measurement, Mycoplasma medium without phenol red was used as a blank. Cultures were harvested when the red peak of the phenol red (at 560 nm) was still just visible. Each isolate was grown and processed in triplicate; the cultures of the three replicates were inoculated at three different time points.
Sample preparation for Raman analysis. M. pneumoniae cultures were harvested as follows. First, the medium was carefully decanted from the adherent bacterial cells. After a gentle wash step with 15 ml PBS (140 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 1.8 mM KH 2 PO 4 , pH 7.3), the cells were scraped from the flasks in 10 ml fresh PBS and centrifuged for 30 min at 4000 g. After aspiration of the supernatant, the cells were resuspended in 1.5 ml H 2 O by using a 2 ml syringe equipped with a 21G needle. Subsequently, the suspension was transferred to a 2 ml Eppendorf tube, followed by centrifugation for 10 min at 13 000 r.p.m. in an Eppendorf centrifuge. The supernatant was removed and the cell pellets were stored at -80 uC until use. Samples were thawed at room temperature and centrifuged for 1 min at 12 000 g. Next, the supernatant was removed and the wet pellet was transferred to a fused silica microscope slide (Hellma Benelux). On this slide, a removable silicone isolator (SigmaAldrich) was placed that contained 24 wells. Samples were allowed to Table 1 . List of strains, including their year of isolation, P1 genotype and Raman type *The isolates with the prefixes T and F originated from the USA and France, respectively. Strain Mp4817 was from Denmark, while all other strains were isolated in Germany. DThe P1 genotype of the strains was determined as described previously (Dumke et al., 2006) . Var. 1, variant 1.
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Microbiology 155 dry for 20 min at 35 uC. The three replicate isolate cultures were measured in three independent runs. The results from the triplicate measurements indicated the highly uniform nature of the culture method as well as the high reproducibility of the spectral analysis (see below).
Raman spectroscopy. Raman spectra of the bacterial samples were recorded using a model 2500 High Performance Raman Module (HPRM; River Diagnostics), coupled to a custom-built measurement compartment (Buijtels et al., 2008) . The measurement compartment was equipped with an automated XY-stage, which holds the fused silica slide with the bacterial samples, and a custom-designed near-IR optimized microscope objective (numerical aperture 0.7). The objective was used to focus laser light emitted by the model 2500 HPRM on the samples upon the fused silica slide and to collect Raman-scattered light from the samples. Approximately 220 mW of laser light of 785 nm (Sacher Tiger, Sacher Lasertechnik) was used to illuminate the samples. The spectrometer was calibrated according to the manufacturer's guidelines.
Data preprocessing. Automated data collection and signal preprocessing were performed using the RiverICon software (River Diagnostics), according to the manufacturer's instructions. Spectra were recorded using a 1 s exposure time; multiple spectra for different locations in a sample were recorded, requiring~3 min of collection time per sample. Signal pre-treatment consisted of correction for the signal contribution from optical components in the spectrometer. All subsequent data treatment and analysis steps were performed using MATLAB 7.1 software (The Mathworks) and PLS toolbox 2.0 (Eigenvector Research). Further signal treatment was done by performing extended multiplicative scatter correction with spectral interferent subtraction (EMSC-SIS) (Martens & Stark, 1991) . Briefly, this method rescales all individual spectra to remove variations in background and overall signal intensity. It also corrects for varying signal contributions caused by bacterial pigments such as carotenoids (Scholtes-Timmerman et al., 2009).
Correction for culture variations using error removal by orthogonal subtraction (EROS). Small variations in biochemical composition between independent cultures of an isolate can occur due to variations in growth phase. Since this variation is non-informative for the classification, and could even disturb the similarity analysis by introducing uncertainty, it is removed from each spectrum in an objective manner. To achieve this, EROS was used (Zhu et al., 2008) . Briefly, EROS variance filtering consists of the following steps:
1. Subtraction of the mean spectrum of isolate 'A' from all individual spectra of 'A' (mean centring). Because the spectra are obtained from independent cultures of 'A', this will yield the spectral culture-toculture variations.
2. Repetition of step 1 for all isolates in the collection.
3. Execution of principal components analysis (PCA) on all meancentred spectra.
4. Selection of the number of principal components (PCs) that contain significant spectral information using the Kaiser (or KaiserGuttman) criterion (PLS toolbox 2.0 user manual, Eigenvector Research). A modification was used to not select all PCs with an Eigenvalue ¢1, but with an Eigenvalue ¢2. Now the Kaiser criterion only selects PCs with spectral information that is present in multiple spectra, to prevent biased selection of variance in single spectra that thereby gives an over-optimistic variance correction. The combination of selected PCs is referred to as the EROS filter.
5. Subtraction of the culture variance information in the EROS filter from all individual spectra in the collection by projecting each spectrum onto the obtained PC space and preserving the residual.
A similar approach was previously used to subtract culture medium signal contributions from Raman spectra of microbial colonies growing on solid culture medium (Maquelin et al., 2002a (Maquelin et al., , 2003 .
Data analysis. Hierarchical cluster analysis (HCA) of spectra was performed using the squared Pearson correlation coefficient (R 2 ) as a distance measure in combination with Ward's cluster algorithm. To place an initial cut-off in the dendrogram, we introduced a value called the ReproMatch level. For each isolate, the lowest R 2 value between the Raman spectra of replicate samples was calculated and called the ReproMatch. From the collection of the ReproMatch values of all isolates, the lowest value in the 95 % confidence interval was selected as the ReproMatch level and used as the initial cut-off in the dendrogram. This is the level at which 95 % of the isolates in the collection have their reproducibility in terms of R 2 value. Isolates combining in the dendrogram at this level cannot be distinguished from replicates and should be regarded as indistinguishable by Raman spectroscopy. When any of the possible sample pairs in the dendrogram branch had a similarity equal to or higher than the ReproMatch level, the branch was coloured red. Shifting the cut-off to a higher level (creating more clusters) is therefore not supported by the reproducibility of 95 % of the samples. Shifting the cut-off to a lower level (creating fewer clusters) is possible based on additional information, such as epidemiological data and other typing results.
RESULTS AND DISCUSSION
Raman spectroscopy reveals the presence of carotenoids in M. pneumoniae
To assess whether Raman spectroscopy can be used as a typing tool for M. pneumoniae, 104 M. pneumoniae strains (see Table 1 ) were individually examined in triplicate using this method. Consequently, a total of 312 spectra were recorded and analysed. The spectra showed a high level of homogeneity, indicating a strong similarity in molecular composition among the strains (data not shown). Interestingly, the spectra from most of the strains showed two regions with strong signal intensities at 1157 and 1525 cm 21 (Fig. 1) . Previous work on Raman typing of bacteria has demonstrated that these parts of the spectrum represent bacterial carotenoids Scholtes-Timmerman et al., 2009) . In Staphylococcus aureus, these carotenoids function as anti-oxidative agents, and are responsible for the yellow-orange pigmentation of bacterial colonies. They were found to be strong Raman scatterers, producing a distinct and pronounced spectrum. As illustrated in Fig. 1 , the carotenoid spectrum from S. aureus shows clear similarities with that of M. pneumoniae. Among the complete set of 104 strains, we found significant differences in carotenoid levels between strains. This is exemplified in Fig. 1 , in which the Raman spectrum from a strain with relatively high carotenoid levels (isolate M 814/97) is compared to that from a strain with low carotenoid levels (isolate R 025). While strain M 814/97 produced strong carotenoid-specific peaks in its spectrum, these peaks are virtually absent in the spectrum of strain R 025. Nevertheless, to our knowledge, this is the first time that the presence of carotenoids in M. pneumoniae has been reported.
Raman typing of Mycoplasma pneumoniae
Carotenoids form a large group of isoprenoid pigments that are synthesized by all photosynthetic organisms and some non-photosynthetic bacteria, as well as fungi. The universal precursors of all isoprenoid compounds are the five-carbon units isopentenyl diphosphate (IPP) and its isomer dimethylallyl diphosphate (DMAPP) (Cunningham & Gantt, 1998) . The enzyme geranylgeranyl diphosphate (GGPP) synthase (GDS) catalyses the addition of three molecules of IPP to one DMAPP unit to yield GGPP, the direct precursor of carotenoids. All isoprenoids studied to date are synthesized through one of two pathways, i.e. the mevalonic pathway and the MEP pathway (Lichtenthaler, 1999; Rodríguez-Concepció n & Boronat, 2002) . While archaea, fungi and animals exclusively use the first pathway, most eubacteria, such as Escherichia coli, employ the MEP pathway (Lichtenthaler, 1999; Rodríguez-Concepció n & Boronat, 2002) . It had already been reported in the 1960s that certain members of the class Mollicutes are also able to synthesize carotenoids. However, it was believed that these compounds are synthesized exclusively by Mollicutes that are not dependent on sterols for growth, such as Acholeplasma laidlawii and Acholeplasma axanthum (Razin & Cleverdon, 1965; Rottem & Markowitz, 1979; Smith, 1963; Smith & Langworthy, 1979) , and not by others, such as M. pneumoniae. We report here that M. pneumoniae may also be capable of synthesizing carotenoids. This is based not only on the finding of carotenoids within M. pneumoniae strains by Raman spectroscopy, but also on the recent finding of sequence similarity between the M. pneumoniae MPN673 (or K05_orf169) gene and the 2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase (MDS or MECPS) gene from Ginkgo biloba (Gao et al., 2006) . MDS genes encode the fifth enzyme (out of seven) of the MEP pathway (Fig. 2) (Lichtenthaler, 1999; Rodríguez-Concepció n & Boronat, 2002) . As shown in the multiple alignment in Fig. 3 , the amino acid sequence predicted to be encoded by MPN673 shares 27 % identity with that of the MDS protein from E. coli. An orthologue of the MPN673 gene is also present in the Mycoplasma genitalium genome; this gene, MG459, shows a remarkably high similarity with MPN673 (76 % identity on the amino acid level; Fig. 3 ). These data suggest that in M. pneumoniae, an MEP-like pathway leading to carotenoid synthesis is functional. This is further supported by the finding of five other M. pneumoniae ORFs, i.e. MPN082, MPN661, MPN667, MPN635 and MPN215, which show sequence similarity with E. coli genes encoding enzymes involved in the MEP pathway (see Supplementary Fig. S1 ).
Definition of Raman clusters of M. pneumoniae isolates
As reported previously for S. aureus, carotenoid levels within bacterial strains can be highly variable, even when culture conditions are standardized in a strict fashion (Scholtes-Timmerman et al., 2009) . Because the interstrain variation in carotenoid-derived Raman signals can be intense, as shown in Fig. 1 , the variance in these signals may obscure the relatively small, but significant, spectral differences between strains caused by other components of the bacteria. Therefore, the spectra required normalization of the carotenoid signals to allow accurate and biologically relevant comparisons to be made between bacterial strains. This normalization was achieved by applying the EMSC-SIS algorithm, in a similar manner to that recently described for Raman typing of other pigmented bacterial species (Scholtes-Timmerman et al., 2009) . Although part of the carotenoid signal contribution could be corrected Fig. 1 . Raman spectra of M. pneumoniae isolates and identification of carotenoid signals. Typical Raman spectra of M. pneumoniae isolates having a relatively high (strain M 814/ 97) and low (strain R 025) carotenoid content (top two spectra). The relative signal intensity on the y axis is plotted in arbitrary units (a.u.). The lower two spectra show the M. pneumoniae-specific carotenoid spectrum of strains with high carotenoid content, as identified in this study, aligned with the S. aureus-specific carotenoid spectrum, as obtained previously (Scholtes-Timmerman et al., 2009). 3 . Multiple alignment of the amino acid sequences predicted to be encoded by M. pneumoniae ORF MPN673 and the MDS genes from other species. The multiple alignments were performed using CLUSTAL W (http://www.ebi.ac.uk/Tools/clustalw/ index.html). The program BOXSHADE 3.21 (http://www.ch.embnet.org/software/BOX_form.html) was used to generate white letters on black boxes (for residues that are identical in at least two of the sequences) and white letters on grey boxes (for residues that are similar in at least two of the sequences). The sequences were derived from M. pneumoniae MPN673 (GenBank accession no. P75118), M. genitalium MG459 (Q49436), Comamonas testeroni KF-1 MDS (A0HAP5), E. coli MDS (A7ZQJ0) and Prochlorococcus marinus MDS (A8G687). Only the abbreviated species names are listed to the left of each sequence. In addition to an MDS homologue, five other ORFs, namely MPN082, MPN661, MPN667, MPN635 and MPN215, with sequence similarity to the E. coli genes encoding the enzymes DXS, DXR, MCT, CMK and HDR, respectively (see Fig. 2 legend for enzyme abbreviations), were detected in the M. pneumoniae genome (see Supplementary Fig. S1 ).
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with the same spectra that were used for S. aureus, a new carotenoid spectrum was obtained using the previously developed approach. After application of the pre-processing protocol (see Methods), the spectra obtained with the complete set of M. pneumoniae isolates were found to be highly reproducible. The mean squared Pearson correlation K. Maquelin and others coefficient between spectra from replicate cultures per isolate was 99.98 % and the mean inter-isolate squared Pearson correlation coefficient was 99.94 %. Although this difference appears to be small, it is statistically significant (P,0.001).
The differences between intra-and inter-isolate similarities were also reflected convincingly in the results of HCA. These results are depicted in Fig. 4 as a dendrogram, which includes all 104 M. pneumoniae isolates measured in triplicate. Because of its large size, only a small, representative part of the dendrogram has been enlarged to readable proportions (inset in Fig. 4) . At the most conservative cut-off point, as determined by the Raman reproducibility or ReproMatch value (Fig. 4 , branches depicted in red), a total of 12 clusters of isolates could be defined. In this case, the triplicate samples from 10 isolates were found in two to three separate clusters, whereas the triplicates from the other 94 isolates were confined to one of the 12 clusters (data not shown). By adjusting the cut-off value to the point indicated by the vertical red line in Fig. 4 , six clusters were obtained. At this cut-off point, the triplicates of only two (2 %) of the 104 isolates were divided over two distinct clusters (Table 1) . By lowering the cut-off point even further to yield four clusters, all triplicates of each strain were found to group in the same cluster (data not shown). However, because of the length of the branches (distances) within and between clusters, a cut-off value was selected that resulted in the six clusters shown in Fig. 4 . The inset in Fig. 4 illustrates how the triplicates of a given isolate are grouped jointly within clusters 1, 5 and 4.
Among the six Raman clusters, two major clusters can be distinguished, i.e. cluster 6, containing 46 isolates and cluster 3, containing 38 isolates ( Table 1 ). The other clusters are considerably smaller, with seven (cluster 4), four (clusters 1 and 2) and three isolates (cluster 5). As described above, the replicates of two of the strains (R 018 and R 029) were divided over two clusters (3 and 6) and could therefore not be typed conclusively. For both strains, two of the replicates were grouped within cluster 3, whereas the other replicate was grouped within cluster 6. This apparent discrepancy could be explained by the relatively high similarity in the cluster mean spectra of clusters 3 and 6, as shown in Table 2 .
An obvious correlation between Raman typing and the P1 subtype of the M. pneumoniae isolates could not be determined. The distribution of the different subtypes within the Raman clusters is illustrated by the pie charts adjacent to the dendrogram in Fig. 4 . Although a 100 % presence of P1 subtype 2 isolates was found in the relatively small Raman clusters 2 and 5, which harbour only four and three strains, respectively, the other clusters harboured isolates of each subtype. For instance, the subtype 1 and 2 prototype strains of M. pneumoniae, M129 and FH, respectively, were both grouped in Raman cluster 6. The two largest clusters showed a remarkably similar distribution of the different P1 subtypes, and~76 % isolates Fig. 4 . Raman clustering of M. pneumoniae isolates. The dendrogram was generated by HCA of the spectra (in triplicate) of all 104 tested M. pneumoniae isolates. Thus, the dendrogram contains data from a total of 312 spectra. The complete dendrogram is shown for illustrative purposes only, as the strain names cannot be discerned. The inset on the left is an enlargement of a part of the dendrogram, showing the clustering of the triplicates of several strains. In the inset, the names of the strains are shown (as derived from Table 1), followed by their subtype annotation. The vertical red line indicates the selected cut-off point which crosses six horizontal branches (in blue) of the dendrogram, thereby defining six Raman clusters. At the right-hand side of the dendrogram, the number of each cluster is depicted. The grouping of all isolates within the clusters is listed in Table 1 . The pie charts at the far right show the distribution of the different P1 subtypes [1 (in blue), 2 (in green), 2a (in brown) and variant 1 (in orange); Table 1 ] among the isolates in the clusters. For each of the six clusters at the selected cut-off in Fig. 4 , the mean spectrum was calculated. Between each of the cluster means, the similarity (%R 2 ) was calculated and is given in the table.
The colour spectrum from blue to red parallels the correlation coefficient from the lowest to the highest value.
Raman typing of Mycoplasma pneumoniae were of subtype 1,~20 % of subtype 2, and~5 % of variant 2a. The single 'variant 1' strain that was tested in our study, Mp4817, was grouped in Raman cluster 4. Although the group of isolates that we tested was obtained from different countries and is quite diverse, we did not find a correlation between the date of isolation and either Raman type or P1 genotype.
The lack of a clear association between P1 genotyping and Raman typing can be explained by the significantly different nature of the two methods. While P1 genotyping is mainly based on the determination of differences in the nucleotide sequence of the MPN141 gene, Raman spectroscopy relies on the spectral analysis of the complete molecular composition (the 'chemical make-up') of the bacterium. In this regard, Raman spectroscopy presents a methodology for strain differentiation fundamentally different from any other method described for M. pneumoniae strain typing. Other typing techniques described for M. pneumoniae, including P1 typing, have been found to be very useful for epidemiological purposes, by monitoring the spread of subtypes, both in time and geographically, through the human population. Nonetheless, these methods have not provided significant insights into the variation among M. pneumoniae isolates with respect to crucial clinical characteristics, such as virulence. Whether Raman typing is useful for discriminating between strains with regard to such clinical features will have to be addressed in prospective studies of M. pneumoniae infections.
